The stability of thermohaline convection problems of Veronis and Stern types for stationary convection is studied for quite general nature of boundaries. It is shown by means of an appropriately chosen linear transformation, that in case of stationary convection the equations describing the eigenvalue problem for thermohaline convection problems are identical to equations describing the eigenvalue problem for classical Bénard convection problem. As a consequence, the values of the critical Rayleigh numbers for the onset of stationary convection in thermohaline convection problems are obtained. Also, necessary conditions for the validity of principle of exchange of stabilities for thermohaline convection problems are derived using variational principle.
Introduction
A problem in fluid mechanics involving the onset of convection has been of great interest for some time. Thermal convection occurs in nature in so many forms and over such a wide range of scales that it could be claimed with some justification that convection represents the most common fluid flow in the universe. The problem of onset of thermal instability in liquid layers heated from below originated from the experimental works of Bénard [1] . Stimulated by Bénard experiments, Lord Rayleigh [2] studied the Bénard problem mathematically for the first time, for the idealized case of both free boundaries and showed that the gravity dominated thermal instability in a liquid layer heated underside, depends upon the Rayleigh number. The theoretical treatments of convective problems usually invoked the so-called principle of exchange of stabilities (PES), which is demonstrated physically as convection occurring initially as a stationary convection. Alternatively, it can be stated as "the first unstable eigen values of the linearized system have imaginary part equal to zero".
A broader range of dynamical behaviour is observed in the convective instabilities that may occur when a fluid in a gravitational field contains two components of different diffusivities that affect the density, for example, temperature and solute. This phenomenon is known variously as thermohaline convection, double diffusive convection, or thermosolutal convection. Thermohaline convection, with its archetypal case of heat and salt, has been extensively studied in the recent past on account of its interesting complexities as well as its direct relevance in many problems of practical interest. Thermohaline convection has matured into a subject possessing fundamental departures from its classical counterpart, namely, thermal convection (single diffusive convection) and is of direct relevance to the fields of limnology, oceanography, astrophysics, etc. The various applications of the problem have aroused the interest of many research workers and this led to numerous research papers in various journals in the recent past. For a broad view of the subject one may be referred to Turner [3] and Brandt and Fernando [4] .
Two fundamental configurations have been studied in the context of the thermohaline instability problem, one by Stern [5] , wherein the temperature gradient is stabilizing and the concentration gradient is destabilizing and another by Veronis [6] , wherein the temperature gradient is destabilizing and the concentration gradient is stabilizing. Further, one should also note the relationship of the Veronis's analysis to that of Stern's analysis. Veronis [6] has done the analysis of a situation that is gravitationally opposite to that of Stern's. Therefore, one can treat the two problems by considering the same configuration but with the assumption that gravity is positive downwards in one problem and positive upward in the other. It is important to note here that Veronis' as well as Stern's work are restricted to an idealized case of dynamically free boundaries.
Veronis . Thus, the exact behaviour of the system as a function of s R depends on  (the ratio of the diffusivities). Therefore, it becomes important to study this dependence for all combinations of boundaries. Further, it is evident that an analogous dependence for the case of Stern's type configuration may also hold.
Motivated by the above discussions regarding the stability and the structures of the thermohaline convection problems of Veronis and Stern types and their classical counterpart, the aim of the present paper is to study the stability of thermohaline convection problems for quite general nature of boundaries. It is shown here that upon using a linear transformation the equations describing the eigenvalue problem for stationary thermohaline convection problems become identical to equations describing the eigenvalue problem for stationary classical Bénard convection problem. As a consequence, the values of critical Rayleigh numbers for thermohaline convection problems of Veronis' and Stern's types for different combinations of rigid and dynamically free boundary conditions are obtained. Furthermore, necessary conditions for the validity of PES (in terms of C . We mathematically analyze the onset of convection in the system under the force field of gravity when the temperature and concentration make opposing contributions to the vertical density gradient. Following the usual steps of linear stability theory, the non-dimensional linearized perturbation equations governing the physical configuration described in the foregoing paragraph may be put in the forms [7] ;
The Physical Configuration and the Basic Equations
together with one of the boundary conditions; 
Mathematical Analysis
The system of Equations (1)- (3) 
Critical Rayleigh Numbers
When instability sets in as stationary convection, i.e., when PES is valid, Equations (1)- (3) for Veronis type thermohaline configuration becomes
together with any one of the boundary conditions (4). Using the transformation It is remarkable to note that Equations (8) and (9) are identical to classical Bénard equations [8] , where  plays the same role as that of R (the thermal Rayleigh number) in Bénard convection problem. Therefore, the results already available for the thermal convection problem [8] can easily be translated into those for the thermohaline convection problem of Veronis type. Consequently, the values of critical Rayleigh number for Veronis type thermohaline convection problem for the following three cases of the boundary conditions can be obtained.
Following the analysis of [8] , Equations (8)- (9) 
the same value of the critical thermal Rayleigh number as obtained by Veronis [6] and Knobloch [9] . Case II. When both boundaries are rigid.
1707.76
Case III. When one boundary is rigid and one is free.
1100.65
In the results (11)- (13), the values 657.51, 1707.76, 1100.65 are respectively the values of the critical thermal Rayleigh number for free-free, rigid-rigid, rigid-free boundary conditions respectively for the purely thermal problem [8] .
The 
A Variational Principle
and eliminating  from Equations (8)- (9), we get Multiplying Equation (18) Integrating by parts the above equation a suitable number of times, using the relevant boundary conditions from (19), we get the expression for the functional as 
where, 1 I and 2 I are positive definite integrals, and the limits of integration from the integral sign have been omitted for convenience in writing.
Upon using the value of  and the positivity of 
It is remarkable to note here that the result (22) is uniformly valid for all cases of boundary conditions.
Using the variational method of Chandrasekhar's [8] for thermal convection problem, we have the stationary property of the functional  given by expression (21) for all cases of boundary conditions given in (19) when the quantities on right hand side are evaluated in terms of true characteristic functions. Also the quantity on the right hand side of (21) attains its true minimum when F belongs to c  , i.e. the lowest characteristic value of  , namely c  , is indeed a true minimum, i.e.
Further, this result is also valid for all cases of the boundary conditions (19).
Necessary Conditions for PES
We shall now consider the boundary conditions (19) in the following forms
In (25) and (26) the origin has been shifted to the midway for convenience in computation.
Equation (17) q be the roots of the auxiliary equation of the Equation (27), hence the general solution of Equation (27) 
for a 
for a
where, I and integrating, we get
  
Using the values of integrals 1 I and 2 I given in (34) and (35) in inequality (23), we get   2  2   1  2  1  2  2  2  2  2  2  2  2  2  1  2   2  cosh  2  cosh  1  2  2  2 2 
Conclusions
We have studied the thermohaline instability of Veronis and Stern types for the onset of stationary convection for all possible cases of boundary conditions. It is important to point out here that the values of critical Rayleigh number derived by Veronis and Stern for their respective configuration were valid for the idealized case of both dynamically free boundaries. Since, the exact solutions of the eigenvalue problems describing thermal/thermohaline convection are not obtainable in closed form for other two cases (i.e. rigid-rigid and rigid-free) of boundary combinations, therefore the values of critical Rayleigh number for these realistic cases are not known analytically for thermohaline convection problems. However, to obtain the critical Rayleigh number for thermal convection problem for these realistic cases of boundary conditions Chandrasekhar [8] used the numerical computations. In the present analysis the values of critical Rayleigh number for all three cases of boundary conditions have been obtained using the known results of Chandrasekhar [8] for classical Bénard problem. Further, the result obtained by Knobloch [9] for the idealized case of free boundaries also follows from (37).
Veronis [6] derived an asymptotic relation for a configuration which is initially gravitationally stable for the case of both free boundaries. He remarked that for a given very stable salt gradient (so that s R is sufficiently large), c R must have a value that is about 100 times the value of s R . In other words, the destabilizing temperature gradient must exceed the stabilizing salt gradient by a factor of 100. This result clearly violates one's intuition, since it means that the vertical density profile must be highly gravitationally unstable before convection can occur. In Section 3, this asymptotic behaviour of critical Rayleigh number has been extended to the cases of realistic boundary conditions and is validated in Section 5 using the route through variational principle. This is a necessary condition for the validity of PES for Veronis type thermohaline convection and is named as 
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